Abstract. Sheehan's syndrome is thought to be caused by pituitary necrosis associated with massive hemorrhage at delivery. We report here on a patient with Sheehan's syndrome, showing a rare type of panhypopituitarism suggesting dysfunction of both the hypothalamus and the pituitary. Although the basal level of plasma ACTH was normal, that of plasma cortisol was low. ACTH showed a delayed high response to CRH and a low response to insulin-induced hypoglycemia, while plasma cortisol showed a low response to CRH and no response to insulin-induced hypoglycemia. In the standard ACTH test, a normal rise of plasma cortisol was found. These results indicate that the primary site responsible for hypothalamic-pituitary-adrenocortical hypofunction may be the hypothalamus. In addition, the dysfunction of the pituitary itself is suggested by the hyposecretion of other pituitary hormones with impaired responses in their provocative tests and partially empty sella.
SHEEHAN'S syndrome is thought to be caused by ischemic necrosis of the pituitary gland in association with hypovolemia or shock secondary to massive hemorrhage at delivery [1] . Patients with the syndrome complain of symptoms resulting from the deficiency of multiple pituitary hormones. Hormonal examinations of those patients reveal that the site responsible for the deficiency of pituitary hormones is the pituitary itself [2] [3] [4] [5] [6] [7] .
This paper is to present a case of Sheehan's syndrome with rare hormonal abnormalities suggesting dysfunction of both the hypothalamus and the pituitary. The hypothalamus was the primary site responsible for the malfunction of the pituitary-adrenal axis, and the pituitary for the malsecretion of GH, gonadotropins, TSH, and PRL.
Case Report
A 61-year-old woman, 155 cm in height and 40 kg in weight, was admitted to our hospital mainly because of disturbed consciousness. During the fourth delivery at the age of 30 years she lost a large amount of blood, and subsequently underwent hysterectomy under blood transfusion. The baby died soon after birth. Following delivery she lost her pubic and axillary hair, and became sensitive to cold. Four weeks prior to the present admission, she had three teeth extracted by a dentist and then became drowsy, complaining of easy fatigability.
On the present admission, the patient was drowsy and apathetic. Her vital signs were 100/60 mmHg in blood pressure, 70/min in heart rate, and 36.0°C in body temperature. Her skin was pale and dry, and hair in the axillary and pubic regions was lacking. No goi-ter could be detected. Neurological examination was normal except for delayed relaxation of the Achilles' tendon reflex.
The laboratory data are shown in Table 1 indicating anemia, thrombocytopenia, hyponatremia, hypoglycemia, hypercholesteremia, and elevation of serum creatine phosphokinase. Antibody against the pituitary was negative in the patient. As shown in Table 2 , basal plasma levels of GH and PRL were lowered. Basal plasma levels of LH and FSH were also lowered in spite of her postmenopausal state. In addition, basal serum levels of free T3 (fT3), free T4 (fT4), insulinlike growth factor-I (IGF-I), and cortisol were also lowered. No response of plasma GH, LH, FSH, TSH, and PRL was found in a combination test with GHRH, LHRH, and TRH. As shown in Fig. 1 , plasma ACTH showed a delayed high response to CRH and plasma cortisol a low response to CRH. In the insulin tolerance test a slight response of plasma ACTH and no response of cortisol were found. Plasma cortisol showed a low increase in the rapid ACTH test, while plasma cortisol, urinary 17-hydroxycorticosteroids (17-OHCS), and urinary 17-ketosteroids (17-KS) showed delayed increase in the standard ACTH test. No response of PRL was found in metoclopramide test. As shown in Fig. 2 , magnetic resonance imaging (MRI)
showed the partially empty sella and no high intensity indicating the posterior lobe of the pituitary.
Methods
Plasma ACTH, GH, PRL, TSH, LH, FSH, and IGF-I levels were measured by their respective immunoradiometric assays. Serum fT3 and fT4 levels were measured by their radioimmunoassay (RIA) kits. Serum cortisol, dehydroepiandrosterone sulfate (DHEA-S), and estradiol were measured by their respective RIA kits. For GHRH and CRH tests, 100 mg of synthetic human GHRH (1-41) NH2 and 100 mg of human CRH were used, respectively. One hundred mg of LHRH, 500 mg of TRH, and 0.05 U/kg body weight regular insulin were used in LHRH, TRH, and insulin tolerance tests, respectively. In the insulin tolerance test, 40 ml of 50% glucose was injected intravenously at 30 min after insulin administration because of development of extreme hypoglycemia. In the rapid ACTH test 250 mg of ACTH (1-24) was injected intravenously, and in the standard ACTH test 1 mg of ACTH (1-24) was injected intramuscularly once a day for 3 days. These provocative tests, except for the insulin tolerance test, were performed under replacement therapy with dexamethasone (0.5 mg/day). The insulin tolerance test was performed under replacement therapy with hydrocortisone (10 mg in the morning, 5 mg at bedtime). During the standard ACTH test, 0.5 mg of dexamethasone was administered once a day. In other provocative tests, however, dexamethasone and hydrocortisone were given after the tests.
Discussion
The clinical diagnosis of Sheehan's syndrome was based on her symptoms following the eventful delivery and the hormonal data on the present admission indicating panhypopituitarism. The MRI of the patient revealing the partially empty sella was compatible with Sheehan's syndrome, since Sheehan's syndrome is mostly caused by pituitary infarction [8] [9] [10] [11] [12] [13] [14] [15] . Autoimmune disease such as lymphocytic hypophysitis was ruled out because of negative results of autoantibodies [16] . The basal secretions of GH, TSH, PRL, LH, and FSH were lowered, and their responses to hypothalamic releasing hormones were blunted. Serum IGF-I, thyroid hormones, and sex hormones were lowered markedly.
The laboratory data and symptoms in this patient apparently indicated adrenal insufficiency. The slightly increased basal level of plasma cortisol in the insulin tolerance test (7.1 mg/dl) was probably due to hydrocortisone administered until the day before the test. The fasting basal level of plasma cortisol in the morning was 2.4 mg/dl before the replacement therapy.
Where is the impaired site in the CRH-ACTH-cortisol axis? Based upon the results in the rapid and standard ACTH tests, adrenal function could be interpreted as intact in our patient. The basal level of plasma ACTH was preserved, and its response to CRH was high and prolonged. Since the response of cortisol to CRH was positive, ACTH in our patient was thought to be bioactive. Although the basal level of ACTH in Sheehan's syndrome in literature was mostly undetectable, several patients with detectable basal levels of ACTH (2.2-39 pg/ml) were reported [17, 18] . Furthermore, it is reported that CRH knockout (KO) mice demonstrated impaired adrenocortical function, although the basal plasma ACTH of CRH KO mice was similar to that of wild type mice [19] . The pituitaryadrenal regulation in the CRH KO mice may be similar to that in our patient. The primarily responsible site for the adrenal insufficiency in our case was strongly suggestive of the hypothalamus, and not the pituitary.
In the hyposecretion of GH, combined results in an insulin tolerance test and GHRH test generally indicate the site primarily responsible for the hyposecretion. In the case of long-standing malfunction, however, it is not easy to determine the primarily site responsible for the hyposecretion of GH by a single provocative test using GHRH. For instance, it is known that plasma GH gradually increases in response to repeated administration of GHRH in hypothalamic dwarfism, while it does not respond to a single administration of GHRH [20] . A similar response of plasma LH and FSH to LHRH was reported in patients with hypothalamic hypogonadism [21] . The same interpretation could be given for the hyposecretion of TSH, LH, and FSH, although a definite conclusion cannot be made at present. However, the undetectable level of plasma PRL and its unresponsiveness to TRH strongly indicate that lactotrophs are primarily impaired, because it is generally accepted that hypothalamic hypofunction increases plasma PRL levels through a deficiency of PRL-inhibiting factor. These hormonal data, therefore, suggest that the present patient with Sheehan's syndrome had impairments in both the hypothalamus and the pituitary; the former impairment caused adrenal insufficiency and the latter caused the hyposecretion of GH, LH, FSH, TSH, and PRL.
The pattern of panhypopituitarism found in the present case is rare in Sheehan's syndrome, because no case with hypothalamic adrenal insufficiency has been reported for this syndrome as far as we know. However, the presence of hypothalamic dysfunction in a patient with Sheehan's syndrome as shown in our case is supported by previous autopsy findings that atrophic changes are present in the paraventricular nucleus of the hypothalamus in addition to the pituitary in cases of post-partum hypopituitarism [22] .
